Background: Epidemiological data on obesity are needed, particularly in patients with type 2 diabetes mellitus (T2DM) and high cardiovascular (CV) risk. We used the baseline data of liraglutide effect and action in diabetes: evaluation of CV outcome results-A long term Evaluation (LEADER) (a clinical trial to assess the CV safety of liraglutide) to investigate: (i) prevalence of overweight and obesity; (ii) relationship of the major cardiometabolic risk factors with anthropometric measures of adiposity [body mass index (BMI) and waist circumference (WC)]; and (iii) cardiometabolic treatment intensity in relation to BMI and WC.
Background
The association between different anthropometric measures of adiposity and cardiovascular (CV) risk in patients with established diabetes and high CV risk has not been well studied [1, 2] . Several longitudinal cohort studies have shown that patients with coronary artery disease and type 2 diabetes mellitus (T2DM) have lower mortality with a higher body mass index (BMI), suggesting that an "obesity paradox" exists [3] . Although lower muscle mass in patients with T2DM could be a plausible biological explanation for this [4] , several confounding factors are likely to play a role in this apparent paradox. For example, BMI alone is recognised to be an imperfect measurement of the type of adiposity. Furthermore, some imbalance could be evident in other key parameters, including age, lipid levels, degree of metabolic control, CV risk factors and treatment intensity [5, 6] . Therefore, additional data on the associations of these parameters are needed, especially in high CV risk patients with T2DM.
The LEADER (liraglutide effect and action in diabetes: evaluation of CV outcome results) trial is designed to assess formally the CV safety of liraglutide in patients with T2DM aged ≥50 years with history of, or at high risk for CV events [7] . We used the cross-sectional baseline data from LEADER to investigate (i) the prevalence of overweight and obesity; (ii) the interplay among the major cardiometabolic risk factors and two anthropometric measures of adiposity [BMI and waist circumference (WC)]; and (iii) the treatment of cardiometabolic risk factors in relation to BMI and WC categories. Furthermore, because race and ethnicity significantly affect the associations between anthropometric indices and CV risk factors [8] [9] [10] , we also investigated the influence of these characteristics.
Methods
LEADER is a phase 3B, multicentre, international, randomised, double-blind, placebo-controlled clinical trial with long-term follow-up designed to assess the CV safety of liraglutide up to 1.8 mg daily, a glucagon-like peptide-1 receptor agonist (GLP-1RA) approved for treatment of patients with T2DM. A detailed description of the study design and baseline characteristics of the study population has previously been published [7] . Briefly, the trial enrolled a CV high-risk population of patients with T2DM at 410 sites in 32 countries who fit into one of the following categories: i) patients >50 years of age and concomitant CV disease (CVD), cerebrovascular disease, peripheral vascular disease, chronic renal failure, or chronic heart failure; ii) patients >60 years of age and one or more of the following CV risk factors: microalbuminuria or proteinuria, hypertension and left ventricular hypertrophy by electrocardiogram or imaging, left ventricular dysfunction by imaging, or ankle-brachial index of <0. 9 .
Physical exploration and anthropometric measurements were carried out according to the protocol by the investigators with the subject barefoot and wearing light clothes. BMI was the ratio of weight (kg) divided by squared height (m 2 ). WC was measured from the front at the narrowest point between the rib cage and the iliac crest when the subject was breathing out gently.
Smoking habits, comorbidities and race/ethnicity were documented at study entry. Ethnicity was obtained separately from race. The ethnicity was classified as hispanic/ latino or not hispanic/latino; the race was classified as Caucasian, Black, Asian, or Other.
All subjects gave written informed consent and the trial was approved by the relevant local ethical committees and was conducted in conformity with the declaration of Helsinki.
Statistical analysis
Data are presented as mean (standard deviation), median (interquartile range) or number (%). To examine the categorical relationship between BMI and the clinical, epidemiological and biochemical variables, patients were divided into the following categories based on their BMI (kg/m 2 ): <25.0 (healthy weight), 25.0 to <30 (overweight), 30.0 to <35.0 (obesity grade I), 35.0 to <40 (obesity grade II), ≥40.0 (obesity grade III) [11] . For the same purpose, WC was dichotomised as healthy/ unhealthy for both the National Cholesterol Education Program [adult treatment panel III criteria (ATPIII)] [12] (≥88 cm for females and ≥102 cm for males) and the International Joint Interim Statement for the Harmonization of the Metabolic Syndrome criteria (IISHMS) [13] (Caucasians, Blacks and Others: ≥94 cm males and ≥80 cm females; Hispanics and Asians: ≥90 cm males and ≥80 cm females) [14] .
For statistical purposes, the percentage of patients with glycated haemoglobin (HbA1c) ≤8 % (<63.9 mmol/mol) was calculated as it is considered to be an appropriate target in populations with advanced micro-or macrovascular complications, and extensive comorbid conditions, and in those with long-standing diabetes in whom the general target of an HbA1c <7.0 % (<53.0 mmol/mol) is difficult to attain [15, 16] . Blood pressure (BP) measurements of <140/80 mmHg, low-density lipoprotein cholesterol (LDL-C) <2.6 mmol/l (100 mg/dl) (<1.8 mmol/l [70 mg/dl] in patients with previous CV events), highdensity lipoprotein cholesterol (HDL-C) >1.3 mmol/l (50 mg/dl) in women and >1.0 mmol/l (40 mg/dl) in men and triglycerides <1.7 mmol/l (150 mg/dl) were considered to be at target, according to the American Diabetes Association 2014 guidelines (the guidelines available when this analysis was conducted) [15] .
Associations between BMI or WC with covariates and factors were screened initially using Spearman correlation and Chi square or Fisher's exact test, respectively. Linear regression models were used to describe the associations of treatment intensity/metabolic variables with anthropometric measurements. Likewise, logistic regression models were developed to assess the association between dichotomised "off-target" anthropometric variables and explanatory factors. Variable selection was decided before model fitting; in particular, BMI was excluded from the analysis of WC and vice versa (an overview of variables used in the logistic regression model is provided in the data table). Covariates were selected by consideration of potential impact on anthropometric measurements, based on review of the literature and availability in the LEADER database. Main effects of all covariates/factors were retained in the model, as the sample size of the LEADER study implied no need for further variable selection.
This study is based on the data from all 9340 participants in the LEADER trial, but numbers may vary due to missing data for a small number of participants. Complete data are available for approximately 99 % of participants. Individuals with missing data were not included in the statistical analyses.
A two-sided p value of <0.01 was considered statistically significant. Statistical analyses were performed using SAS 9.3 software (SAS Institute, Cary, NC, USA). Analyses were conducted on the data available at baseline.
Results

Demographic and clinical characteristics
Baseline characteristics of all randomised patients stratified by prior CVD, BMI and WC are detailed in Tables 1-3 .
Stratified by CVD
Mean BMI was comparable between patients with prior CVD and those without (32.5 vs. 32.4 kg/m 2 , respectively). Comparing patients with prior CVD with those without, the prevalence of overweight (28.3 vs. 29.7 %, respectively), obesity grade I (32.3 vs. 30.6 %, respectively), obesity grade II (18.5 vs. 17.7 %, respectively), and obesity grade III (11.6 vs. 12.0 %, respectively) was similar (Table 1) . Likewise, comparing patients with prior CVD with those without mean WC (110.1 and 109.4 cm, respectively) and the overall prevalence of abdominal obesity according to ATPIII (78.1 and 80.0 %, 
Triglycerides (mmol/L) 2.1 ± 1.6 1.6 ± 1.1 1.9 ± 1.5 2. 
Triglycerides (mmol/L) 2.1 ± 1.6 2.1 ± 1.6 1.7 ± 1.5 2.1 ± 1.6 1.6 ± 1.6
Blood pressure respectively) and IISHMS (92.8 and 93.6 %, respectively) was also similar. Female gender was less prevalent in the prior CVD cohort than those without prior CVD (33.5 vs. 45.4 %, respectively). There was also a lower prevalence of patients aged 60-69 years with prior CVD than patients without (46.1 vs. 76.5 %, respectively), and a higher proportion of patients aged 50-59 years with prior CVD than patients without (30.2 vs. 1.5 %, respectively). Furthermore, there was also a lower prevalence of patients at target LDL-C with prior CVD than those without (33.2 vs. 56.6 %, respectively). Comparing patients with prior CVD with those without, there was a greater prevalence of patients not using oral antihyperglycaemic drugs (OADs) (48.3 vs. 42.6 %, respectively). Additionally, comparing patients with prior CVD with those without, there was a greater prevalence of patients using antihypertensive medication (93.2 vs. 84.3 %, respectively).
Stratified by BMI and WC
Mean BMI was 32.5 ± 6.3 kg/m 2 and only 9.1 % of patients had a BMI <25 kg/m 2 . The prevalence of overweight, obesity grade I, obesity grade II, and obesity grade III was 28.6, 32.0, 18.4 and 11.7 %, respectively ( Table 2 ). The mean WC was 109.9 ± 16.2 cm and the overall prevalence of abdominal obesity according to ATPIII and IISHMS was 79.1 and 93.6 %, respectively (Table 3) .
BMI was higher in females than in males (BMI 33.6 ± 6.8 kg/m 2 vs. 31.9 ± 5.9 kg/m 2 , respectively; p < 0.0001). WC was lower in females than males (107.6 ± 15.6 cm vs. 111.2 ± 16.3 cm, respectively; p < 0.0001). Moreover, due to gender-specific cutoffs, the prevalence of abdominal obesity was higher in females than males when measured independently from the WC criteria (ATPIII: 92.3 vs. 71.8 %; IISHMS 97.8 vs. 91.4 %, respectively; p < 0.0001).
Younger patients were heavier with age (per year) being inversely correlated with BMI (p < 0.0001) and WC (p < 0.0001). Similar patterns were observed among BMI categories.
The prevalence of prior CVD was similar across all BMI categories (80.1, 80.5, 82.1, 81.9 and 80.8 %, respectively; p = 0.4491) and WC categories for both criteria (ATPIII: 80.9 vs. 82.5 %; IISHMS: 81.1 vs. 82.9 %).
Twelve percent of patients were current smokers, and 46 % were previous smokers. Tables 2 and 3 show that the prevalence of current smokers was higher, and the prevalence of previous smokers was lower in patients with normal BMI and WC when compared with higher BMI and WC categories.
A significant decrease in diabetes duration with increasing degrees of obesity was observed across BMI (p = 0.0001) and WC (p = 0.0044) categories.
Obesity and overweight were more frequent in Caucasian and Black individuals than in Asian or "other" races. Thus, the prevalence of patients with BMI <25 kg/m 2 among races was highest in Asian people followed by "Other race", Black and Caucasian people (35.4, 14.0, 6.9 and 5.9 %, respectively; p < 0.0001). Also, the percentage of subjects with healthy WC according to ATPIII and IISHMS was higher in Asian people following the same order as BMI (ATPIII: 54.3, 26.1, 18.0 and 16.6 %; IISHMS: 19.4, 7.2, 6.0 and 4.6 %; p < 0.0001).
Regarding demographic areas, the highest prevalence of overweight and obesity and central adiposity was in the USA, followed by Europe, "Other areas" and Asia (p < 0.0001). Consequently, the prevalence of normal weight in the USA, Europe, "Other areas" and Asia was 4.8, 5.9, 10.6 and 14.0 %, respectively.
Similar patterns of association between obesity (according to BMI and WC categories), age, gender, prior CVD, tobacco use and diabetes duration were observed when different races and ethnicities were analysed separately.
Cardiometabolic risk factors and medication use
Cardiometabolic risk factors and medication use by BMI and WC categories are shown in Tables 2 and 3 and Figs. 1 and 2 , respectively. A summary of the prevalence of patients for each BMI and WC class are provided in Fig. 3 .
Unadjusted observed values for triglycerides (TG) were positively correlated with BMI (p < 0.0001) and WC (p < 0.0001). HDL-C was negatively correlated with BMI (p < 0.0001) and WC (p < 0.0001). Positive correlations were also found for BP with BMI and WC. No significant correlations were found between HbA1c and BMI or WC.
In the Chi squared analysis (unadjusted), the percentage of patients with target levels of TG, HDL-C and BP dropped significantly with increasing BMI (Fig. 1a) . However in the case of HbA1c on target, this trend was reversed; the percentage of patients with HbA1c at target increased significantly with increasing BMI (BMI >25 kg/m 2 ) (Fig. 1a) . A similar trend was observed for both WC criteria (Fig. 1b) .
Obese patients were more likely to be on insulin. The prevalence of patients on insulin was significantly lower in patients with normal weight (Fig. 2a) and normal abdominal waist circumference (Fig. 2b) compared with higher BMI and WC categories. There was a higher percentage of patients on OADs plus insulin at higher BMI (>25 kg/m 2 ) and off-target WC categories (Fig. 2 ). In the same way, obese patients were more likely to be treated with statins and antihypertensive medication than those of normal weight. The prevalence of patients on these drugs was greater at higher BMI (Fig. 2a) and WC (Fig. 2b) 
Multivariable logistic regressions modelling BMI and WC
Multivariable binary logistic regression models using BMI ≥30 kg/m 2 and off-target WC (using IISHMS and ATPIII) as dependent variables, and relevant demographic, clinical, cardiometabolic and medication parameters as independent variables, were performed in order to elucidate which variables were more related with being obese when having T2DM (Table 4) . These analyses are adjusted data, providing the overall relationship of factors with obesity, and therefore supersede the unadjusted data.
As shown in Table 4 , binary logistic regressions revealed that being obese (BMI ≥30 kg/m 2 ) was significantly associated with being younger, female, previous smoker (vs. current smoker), Caucasian (vs. Asian, Black or other races), not Hispanic or Latino (vs. not Hispanic or Latino), from the USA (vs. Asia, Europe, or other areas), shorter diabetes duration, having uncontrolled BP, reduced estimated glomerular filtration rate (eGFR), antihypertensive drug intake (four antihypertensive drugs vs. zero, one or two antihypertensive drugs), insulin plus OAD treatment (vs. OADs only), high levels of TG and lower levels of LDL-C and HDL-C.
Regarding WC, abdominal obesity according to ATPIII was significantly and positively related to the same variables as BMI ≥30 kg/m 2 , with the exception of age, reduced eGFR and no pre-treatment/diet only.
In contrast, when the IISHMS were applied, abdominal obesity was mainly related to being female (vs. male), previous smoker (vs. current smokers), Caucasian (vs. Asian), from the USA (vs. Asia or other areas), antihypertensive drug intake (four antihypertensive drugs vs. zero antihypertensive drugs), insulin plus OAD treatment (vs. OADs only), higher levels of TG and lower levels of HDL-C. The associations for hypertension and antihypertensive drug intake were less significant when considering IISHMS compared to ATPIII indicating that, at least for BP, the larger the abdominal circumference, the larger the cardiometabolic impact. There was no statistically significant relationship between HbA1c and the obesity criteria evaluated. Likewise, despite the relationship between eGFR and BMI, no correlation was determined between the albumin-creatinine ratio and BMI or WC criteria.
Discussion
Our principal finding is that in this very high-risk population of patients with T2DM, the prevalence of overweight (28.6 %) and obesity (61.7 %) is very high. Only 9.1 % of the patients were of normal weight. Likewise, only 20.9 and 6.3 % of patients had a healthy WC according to the ATPIII and IISHMS for metabolic syndrome, respectively. The baseline data from the LEADER trial gave us the opportunity to study the prevalence of overweight [18] . In high-risk patients with T2DM, data from the Bypass angioplasty revascularization investigation in type 2 diabetes (BARI-2D) trial in patients with T2DM and documented coronary artery disease showed the prevalence of obesity (BMI ≥30 kg/m 2 ) to be 56.4 % [19] . Similarly, in the saxagliptin assessment of vascular outcomes recorded in patients with diabetes mellitus (SAVOR)-thrombolysis in myocardial infarction (TIMI) 53 study, the prevalence of obesity (BMI ≥30 kg/m 2 ) was 53 % [20] . An unexpected and novel finding was an inverse correlation between diabetes duration and both BMI and WC. Recently, an inverse correlation between BMI strata, diabetes duration and age has also been reported in a pooled analysis of cross-sectional data from Spanish patients with a mean age of 63.2 years [21] . This inverse relationship could suggest less advanced disease and/or the absence of comorbidities in patients with a higher BMI, which could be related to a higher survival probability in overweight patients with T2DM or previous CV disease in prospective studies [22] . The negative association between disease duration and baseline BMI could, therefore, be due to survivor bias: the patients with persistently high BMI would have a greater likelihood of dying before study enrolment than those with lower BMI.
In our study, obesity was more prevalent in younger patients, women, Caucasians, "non-Hispanic or Latinos", and previous smokers when compared with corresponding groups. These observations seem to be consistent with data from the BARI-2D, a trial that featured a comparable population regarding age and BMI [19] .
The higher BMI and lower WC observed in females compared with men are in line with previous findings that men have greater levels of visceral fat compared with women; thus, T2DM and CV disease may develop at a lower BMI level in men than in women [23, 24] . Also, the higher percentage of individuals of normal weight and with a healthy WC among Asian and Hispanic highrisk patients, even according to IISHMS, indicates that these individuals would have developed T2DM and have a higher CV risk at lower BMI and WC. Accordingly, the recent cross-sectional study from the UK Biobank Participants (which included 490,288 subjects) concludes that obesity should be defined by a lower threshold in non-Caucasian than in Caucasian populations [10] . For instance, for T2DM diagnosis, a BMI of 30 kg/m 2 in Caucasians equates to 22 kg/m 2 in South Asians, and for respective WCs, 102 cm equates to 79 cm [10] .
Obesity and cardiometabolic risk factors
In common with other studies, we did not find an association between weight and HbA1c level through our logistic analysis [19, 21, 25] . Conversely, we did observe an association between BMI and WC and several cardiometabolic risk factors, despite the more frequent use of statins and antihypertensives in higher BMI and WC categories. Primarily, obesity was associated with higher BP levels, higher levels of TG and low levels of HDL-C. This association was observed both across the trial population and after adjustment for potential confounding factors that are also related to obesity. These results are generally consistent with data from observational studies both in the general population and in high CV risk patients with T2DM [3, 20, 21, [25] [26] [27] [28] . Also, a significant association of reduced eGFR with BMI (but not WC) was observed, consistent with kidney dysfunction data from the BARI-2D trial [19] .
Obesity and treatment intensity
When we analysed the influence on lipid levels, the numbers of patients treated with lipid-modifying agents increased with increasing categories of BMI and WC. However, obese patients were less likely to be at the defined lipid targets, especially for HDL-C and TG levels. While the association between statin treatment and BMI is quite consistent in the medical literature [19, 26, [29] [30] [31] , a greater discrepancy exists around the probability of LDL-C reaching target levels [26, 30] .
The percentage of patients not receiving statins at baseline was 24.7 %. Similarly, the baseline prevalence of patients not treated with statins has been reported to be 20 % in the TECOS trial (TECOS; trial evaluating CV outcomes with sitagliptin) [32] . It is also a concern that a high percentage of patients with T2DM with normal adiposity measurements are not treated with statins, despite clinical practice guidelines recommending that high-risk patients with T2DM should be treated with a statin regardless of lipid levels [33, 34] . The latter is based on data showing that statins may have cardioprotective effects extending beyond their cholesterollowering properties [35] . Similarly, patients with normal weight were less likely to be treated with antihypertensive agents compared to overweight patients, even though, similar to statins, some antihypertensive agents have shown vascular protective properties [36] . This treatment disequilibrium between lean and obese patients could contribute to the so-called "obesity paradox" [3] .
Finally, analyses of other large randomised trials indicate that a significant proportion of patients with T2DM and coronary artery disease fail to achieve pre-specified targets for the major modifiable CV risk factors, suggesting that a combination of barriers may be preventing goals attainment [37] . Our results show that this gap is larger in obese patients with T2DM despite more intensive treatment. It is worth remembering, however, that we present data available at the time after end of the recruitment. The Standard of Care Guidelines for LEADER, developed by the Global Expert Panel, recommended statins for all patients and the following targets: HbA1c <7.0 % (53.0 mmol/mol) (individualised depending on the patient), LDL-C <2.6 mmol/l (<1.8 mmol/l in patients with previous CV disease) and BP 130/80 mmHg [7] . Therefore, a cardiometabolic improvement for all participants regardless of treatment allocation could be observed during the trial.
Strengths and limitations
Strengths of our study include the large number of patients studied from a multinational and multi-ethnic population, and the context of a clinical trial where a central laboratory was used. The investigators collected data according to a standard protocol. Furthermore, taking into account not only BMI but also WC as a more accurate measure of visceral adiposity is a strength compared with previous studies. Finally, our sample allowed us to study two high-risk groups of patients: a cohort with prior CVD and a high-risk cohort but without prior CVD. Also, the multiracial population potentially makes our data more generalisable.
In interpreting our findings, however, several important limitations need to be considered. The context of a clinical trial may generate a selection bias and diminish the generalisability of the results. Thus, given the known effect of liraglutide to promote weight loss [38] , overweight and obesity may be over-represented in LEADER. Also, the observation that only patients >50 years were enrolled in LEADER is important because some studies suggest that the relationship between BMI and CV risk could be modified by age; thus, the findings may not be generalisable to a younger population. In particular, a prospective analysis of individual records of 221,934 people indicated that the increased risk of CVD (myocardial infarction and ischaemic stroke) associated with BMI and WC was 3-4 times higher at the age of 40-59 years than at 70 years [39] . Nevertheless, post hoc analyses of the SCOUT trial that recruited patients ≥55 years confirmed a relationship between weight loss and CV risk factors (such as total cholesterol) and outcomes (such as CV mortality) [40, 41] . Furthermore, although including patients <50 years, studies have shown an association of obesity with suboptimal control of CV risk factors in diabetic patients across the mean age range of 62-65.7 years [2, 19, 21, 28] .
Another limitation to these findings is the two distinct cohorts used in this study. Female gender, for example, showed lower prevalence in the patients with prior CVD cohort than in those without prior CVD (33.5 vs. 45.4 %, respectively); there were also large differences in prevalence between patients with prior CVD and those without in patients aged 50-59 years (30.2 vs. 1.5 %, respectively), aged 60-69 years (46.1 vs. 76.5 %, respectively) and those using hypertensive medication (6.8 vs.
%, respectively).
A further limitation is the cross-sectional nature of the study that precludes determination of causality. Furthermore, although our analyses are adjusted for multiple variables, these might have different effects in longitudinal studies. In addition, the use of single baseline values for blood pressure, cholesterol, and markers of glycaemia has been criticised because of their potential for error in measurement and within-patient fluctuation [42] .
Unfortunately, detailed information about the drug classes, doses and treatment adherence were not available at the time this manuscript was developed, and therefore, the authors could not accurately evaluate the association between adiposity and treatment intensity. Finally, we did not have data on risk-taking behaviours such as unhealthy diet, sedentary lifestyle, and alcohol intake, among others, that could confound the relationship between adiposity and attainment of treatment target.
When entering the treatment phase, an important aspect is the demonstrated beneficial effects of GLP-1RA on weight. Exenatide once weekly has been, at least partly, associated with weight loss and reduced macrovascular risk in a retrospective study and a pooled analyses of eight studies [43, 44] . A retrospective longitudinal pharmaco-epidemiological study established that the risk for composite of myocardial infarction or stroke in overweight and obese patients were not significantly higher compared to those in the normal weight group after adjusting for other factors [43] . Also, the rates/1000 person years of individual CV events in the same study were not significantly different by BMI categories (normal weight, overweight and obese) regardless of treatment groups in the study cohort [43] . Moreover, a pooled analysis from eight studies of exenatide once weekly showed that the greatest trend of improvement in CV risk factors was observed in patient quartiles with the greatest reductions in body weight [44] . Following the same relationship as exenatide, liraglutide has demonstrated beneficial changes in weight and body composition; indeed, 12 and 56 week trials specifically designed to study the efficacy and safety of liraglutide for weight management have shown reductions in body weight and enhanced metabolic parameters (such as B-type ventricular natriuretic peptide, fasting lipids and urinary albumin-to-creatinine ratio) [45] [46] [47] .
In summary, overweight and obesity are extremely prevalent in high-risk patients with T2DM. Furthermore, BMI and WC are related to major cardiometabolic risk factors, particularly BP, TG, and HDL-C. In addition, treatment intensity is higher in overweight and obese patients, compared with others; however, the rates of treatment and control of lipids and BP are remarkably suboptimal in overweight and obese individuals. As secondary data, LEADER will explore the longitudinal effects of liraglutide or placebo, when added to standard care, on CV risk factors and weight for up to 5 years of treatment.
